400018

S=
22

JPRS: 16,722

0TS
17 December 1962

( - NEW MATERIAL .ON THE DEVELOPMENT oF »
. NEGATIVE SPARK AND is’ comaxxscw T0 LIGHTNING
by I. S.. Stekolinikoy snd Ae Vy Shkilev !
~ USSR = | {
|
: BS ;o
> r “T E '?‘::‘J‘@
r_ APRS 1963 “
” TISIA A
u. s. |

CEPARTMENT OF CO*AMERCE
OFFICE DF 17

e
P
"HN'CA' SEQVICES

SZINT PUBLICA TIZoNS RESEARCH SERVICE
“:U lClﬂg T"QC

Obio Srive ard !rdep’md:ﬂf't Avenve, S.W.
W M‘mgfc 43, D, C.

Price: $l.50

Best Available Copy



c L e

FOREWORD

This publication was prepared under contract for
the Joint Publications Research Service, an orgsnization
establighed to service the translation and foreign-language
research needs of the various federal government departe
ments,

The contents. of this material in no way represent

the policies, views, or sttitudes of the U, S. Governmenmt,
or of the parties to any distridbution arrangements,

"% PROCUREMENT OF JPRS REPORTS' ~~

All JPRS reports are listed in Monthly Catalog of Uy S
Government Publications, svailable for §‘4.35 l§3.:w !ore!gns per
year (including an annusl index) from the Superintendent of
Documents, U, S, Governient Printing Office, Washington 25, D,C.

Scientific and technical reports mey be obtained from:

 Ssles and Distribution Section, Office of Technical Services,

Washington 25, D, C, These reports and their prices sre listed

in the Office of Technical Services semimonthly publication,

Technical Translations, svailable at $12,00 per year from the
Superintendent of Documents, U, S. Government Printing Office,
Washington 25, D, C, ‘

Photocopies of any JPRS report are availsble (price upon
request) from: Phatodunlication Sexvice, Library of Congress,
Vashingtoa 25, D, C, :



JPRS: 16,722

Nov MATURIAL ON THe DIV.LOPMENT O A
NSGARIVSE SPAYK AND ITS CORMPARIZON TO
LIGHTNIRG

- U34SR -

Tollowiagz is a tranglation ol an articlia by
I, S. 3tekol'nikov and A. V. 3hkilev in the
Russian-language pariodical Dokiady Akademii
Nauk 5S3% (Reports of the Academy of ucicnces

35 ol CALV, No 4, Moscow, 1962, pages
782-785,

The authors have investigzatad the dzvelopanont of
a spark producs2d by pulse veltage in gaps -rod+plate
(=c+p) and -rod+rod on plate (=-r+r/p) by meang of an
elzaciron-optical converter (30F) with lizght amplifica-
tion (1). A rounded rod, 20mm in diametor, was uced as
the nagative elactrode. In ths case of -r+x/p, a rounded
rod, 1lOmm in diameter witk a height of froa 2.5 to 50c¢nm,
w23 installed on the plate. In the case of «prip the
lantth of the lischarge gap was varizd from 100 to 30Cem
and for ~r+r/p §,=270 to 300em. The voltage wave had the

shane of 1.5x1,000 nmicrosec with an amplitule U cloza 4o
the minimum discharge voltane (k=U/Uminz 1.0)s The
eloctron-optical converter was used with the [ollowing
objretivas: 1) quartz (D=3.5), 2) "Jupiter-3" (D=1.5)
artd 3) "Jupiter=1l2" (D=2,8), The EOP shutliar wig oper-
atad on the "open-clesed" principle which made it possi-
ble to obtain, on the yhotograph film, a static picture
0.5 the discharge processes developed at btie start of the
time scan. The seynchronization of the L0P and the os-
eillozcope recording wis ensured by connnecting their time
rlates to one source of seanning voltage, The current
was ritizdered by mzan3 of a shunt connected 4o the meas-~

uring plate 3x3m2. Tge latier was installed at a height
l of 1%¢m from the 8x8m”grounded plate., In order ___1




r;; analyze in detail ths time pizturs of the spark deveirﬂ
opment ovtained by mazans of the 0P, the discharge pro-
cezges ware phobographel srultanrwously by a stationary
camera with a quartz objective (D=4,5) for which a known
voltage "ocutoff" method from S, was used by means of an-
other gap ‘314 Sc.

Results of the experiments, The exanples of the
recorde obtained in gaps -r+p_and ~r+r/p are correspendinge
Ly shewn in Figures 1 and 2 [See !otg] . The connection
of vire scanning in Pigure 1B occurred at instant t, after
the Tront of the viitage wave, Therafore, there ie first
seen a stabtie picture of diascharge processes (channels ab,
acy and others daveloped up to tye It 1s of intercat )

to note the atep character of the propregation of the chan-
nels into the gap with an average effective velocity

equal to 1.1x107 om/sec. The process has a vomplex airuc-
ture: at the lower ends of the chamnnzls are observed
bright fluskes (possitbly the atems of the pulse corong)
fron the bvottom of which go off luminows channels iu tie
forn of "“"branchea" of the pulse corona, and at the top of
which there is a widening diffused glow. ‘The brightnesa
of the glow becomes weaker in the direction i the rod
electrode, It ends or the tip of the commen leader

(line al~e) which develops with a veloeity of 4.2xloscm/

sec, After t, branches from the bright flashes bagin to

toueh the plate, The value of the eurrsnt Joes net changs
essentially af this time (gee Tigure 1), 4% the gane
time brizht flzahes continuz to propagate towards the

plate ug go t, when there is fommed a brighter braneh and
incraégse in &

en ‘brizhtness of the previcualy ionized channa) occurs.,
fhere iz a slight inoreasz in the current at thia tine,
Leader (kg) frem the plate begins to grow only after it
ia touched by thg stepped leader {(+.)., Tis initial
velecity is 2x10Tem/sec. A "bunile of threads" (2)
starts on the tip of the leader and 2uds on the tip of
the azgative leader, Jith the appearance of the positive
leader the current rises rapidly. #ith the appearsnce of
leader (kg) bhe velincitica of both leaders bacone approxi-
mately equal and bezgin to grow rapidly. 7The closineg of
the shutier of BOP gcourred at instant t4 rrior to in=-

stan% t; of the voltage cutoff,
E.’otaj: In time scens the angle > 390° betwveen

the lirection of the scan and the axis of the gap is de~
Lpendentnpon the characteristics of the given I0OFP,

- . _



#dgure 1 ~ Optical pieture ¢f the discharge in gap intor-
val -+P for S°=2.7m and kSU'/Um.4n 2 1,0,
A-3tatic photograph (quartz, D=4,5); 5-Time ccan (LOF with
objeective "Jupiter-i2", D=4.5); "=Current osscillogras 1)
tiging trace (2) and voltage pulse (3) for shutiing oif
B0P.
Tegend: 1-18580y0143; 2 » anf sec; 3 « Channal

icroseo

L ‘ __J



Figure 2, The same as 7igure 1 except in gap =-r+¥/p
for 30-2.9m and b=10Oonm.

Legend: l-megacycles; 2 - am/sec; 3 - microsec

L
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r- It may be concluded from Figure 13 that when vol~ !
tage is applied to the gap trin channels (ablh, agy ¢,

adf) propagate in steps in several directions from the
rod electrode after the pulse corona (rod zons mm) to the

plate, e 1l call this process the stepped leader of
the spark ee Note) « The bright flashes at its ends
we shall ¢ s¥eps and the channels going off downward

from them we shall call branches of the pulse corona.

(ﬁotq}: The concept of the jerky or stepped move=
ment of the leader has been noted by several writers
studying the spark by other methods (3,4).

Pigure 3., The arrangement for spark development in gap
-r+p. JL-Pulse coronaj; 2-Stepped leader; 2a-pulse corone
branch; 2b~-atep; 3,4-negative and positive leeders;
5=-thread-like glow; 6~main chiannel; In the rectangle is
shown the arrangement of the 3levalopment processes for the
course of elongation of the stepped leader (aeb ism the
atatic picture prior to scanning, ozblo is the scan).

The spark development in gap ~r+r/p is shown in
Pigure 2, At first the spark develops in a manner simi-
lar to the case -r+p, i.68., 9tepped lsader (be) propazates
towards the plate. When it approaches within a certain
distance of the rod installed on the plate, from the rod
at natant %, begin to develop branches (kd) typical of

branches of the poqitive pulse corcna with an average

velocity &= T7x10(em/sec, The current thereby does

not essentially change. As these branches approach the
L-ftoppod leader their velooity inoreases. Afterglows are



oomparatively amall ia the region passed ty the tips of T
A‘l’ H

the braachsa and they ars ney always Tized. In the roe
gion passed by sieppad liaders the »izhiness o the
brancnay iacréeassa conaidsrably. Oaly altsr the nergping
o the positive pulse corona branches (t,) with the
staepped leadsr is there observed a brigh? glow alcng the
entire gap, leader (klg) beging to develop frem the

groundad rod and the current increases glarply.

Ta & number ol cassa ir the channel of thy stoppad
leader thers wers opserved disconmnected leadsr<lika chane
nels the ting of which develoyp in both directions with s
velecity slose to that of the leader at the =lectrnie.

figures three and four gshow arrangsments of apark
develappent in the gaps -~r+p and —err/p.  The niguative
pulas corona forms a zond of excess charge. % U, .

ptigg a
the zose radiug doea not azesed 31,3 Sy

A% The goue
pouniaries of nagative apace charge there are creatad coaw
diviony for its pexetroticon in cne or soveral &ircations,
towards the vlate in the form of atspped leadera, The oi-
feative veloecity of propagaiicn off stepped leadsrs lies
within Linits of (0.§~2)x10fcm/aac. ip the Joursze of

elongzation of the stepped lesader there iake place thras
processes (aee inserd in Pigure 3i: 1) a bweh of the
pulse corornn in the form of ona o several thin churnels
29=5Qan lonz Lrows towards the plat»> with g valocity of
(2-3)x30%z/sec) 2) the 4ip of tho atep (full Jenats of
gtep aqual to S-l5omjalso propagates_towards the plate
with a velozity in the order ¢ 3x107em/sso; 3) the low
which is trighter ig 1ta lower portiona propezatse with
a v2locity of AS 10%m/sec upward aleag the previvasly
foramed channel of the stepped leader. During Sthe time
of thz stsp devalopment this proceas may be repsaltad
gaveral Stimes but always from the propagating tip of <he
step. detween the atep of the leader thers occur pauses
in the ordexr of one microsecond. Bach succaeding step
ugually starts at thse end of *\e previous =2tsp. Simul-
taneously with the propazation of +the stepped leader
towards the plate thers develops fyrom ths 10d a conmon
leader with a velocity of (1~5)x10%m/mec., Suipped
lenclrs create ionizstion ¢f the alr and carry into the
sar & negasive sharge which changes the initial gradieant
distripution alonz the gap increasing them %t¢ the criti-
¢al valuez near grounded ohjeets. Thia, in the case of
~-r+1/p leads to the levelopment ¢f s counter process from
- the grounded rod of height h in the form of branches of
1m£oaitivn pulse corona. The average velooity oF their J



r;ps isz’ixlozcm/sac. The proce: rizinstes at & cer- '
tain critical height 3 it aYipped ol Wohe
branches approach tho ¥ ar onn veloeity of the
ting of she praacnes risis. At the ncacnt of their
norging with the stupped loader thoe glow flazhes along
the entire ga3p ana the positive Jsadsr bogins o dovelop

frem tne rod. Scr Jepenis, to a great sxcteaty; on the h

of tha rod and its displacemant with r2speet to the axis
of th2 sap. Scr decrzasas with the deereas2 wa he ot

L
no li.it, in the caae of a smooth surface (h=0)
sheppad leader reachss tii: plats and froan th: pol
contret along ity channel thnere .dev:iops & coun

tive comson lender with an initial velocity offsJQ
en/gec,  Jith Loe appearaaee of o wsitive lzader for
-rep a8 wo:ll ag for gap ~r+r/o the velocltise of bLoth
leaders occome approximavely the same and inereaze
rapidly. Junps may cccur in the dsvelopnmeunt cf the
leaders and their junction is made by a final jump (5).
The laster l:ads $0 the main channel ani to the comple-
tion of the broakdiocwn.

[&]
[STRURNS
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Pigure 4., Spark levalopaent in gap -r+1/Pe

T-Braancies of positive pulse corona., iig=
naining desinations are thz 2ame as in
Tigure 3. ~_J

.




r—_ ' Discusaion of the Results
1., The analysis of the data makss it pessitle to -

'C:plain ualitatively the higher valiues of discharge vole
tage (Ud in the gep -r+p as compared to Uy Tor the gap

«r+3/p. Actually, the introduction into the gap of a
negative discharge by the pulse corona and the stepped
leader reduces thz potential gradients near the high
voltage electrode and makes it more difficult tc devel-
or & leader from it, To continue the spark devslopinent
it is necessary either to raize the voltage across the
gap or to decreasae the negutive spase charge, This lat-
ter fuanction is accomplighed by the positive leader,

The poasitive leader originates in gap -r+p only after the
stepp:d leader touches the plate ter passing the entire
distance So' In the case of -r+r/p the positive leader

originatss after the stepped lesader passes only rart of
the gap (So'scr)‘ Thias explaine the lower discharge.

voltage.

2, Thne developnent of the ns2gative spark is often
conpared to the mechanism of the formaticn of lightning
which, in the vast majority of cases, 2130 ka3 2 nega=-
tive polarity. If, following along this line of reason-
ing, 2 couparison is mada of the arraagement in Figure 3
with a known arrangement (€) based on photographic scan-
ning of iightning made by Boys cemeras or with its more
recent theoreticel varieties (7,8), it beccmes elaer
that they are far from b2ing the same, Thus, while in
the case of a spark after the stepped leader touches the
plate, =8 was noted, there does not occur immsdisztely
a fornation of the main channel and a breakdown, in the
case of lightning striking a plate %4hiere is assumed a
development of the main channel immediatsly upon the ar-
rival to the zarth's suriace of the stepred leader, the
charnel of which is considered highly conductive, The
further development of tha process of the sztepped leader
elorgition of the 3park doss not correspond Yo the de-
scribed mechanisa of the step leader of lightning., Our
photozraphs made by apparatus with high optical sensie
tivity have not discovered a "pilot-=leader" in the man-
ner pcstulated.by Schonland {9,10)., Turning to the hig=
tory of this gquestion, we shall note that in 1438 Alli-
bone (1ll) made static photographs which showed clusters
end diffused glows at tha ends of the split-off leadars
tf?d their branches, Aside from that, Liohtenoerg fig~ __j

t



f—;}es ware ohtained Irem tae alectroldss whian voltage was §
cut off asrose ths Jiscniree caps, 1 913 Allivone
(12}, raferrics %c thig ietu, coueduial aumh tha 51owg
represent the "gilot-lrader' {ia lizatning. Zhis G50 3

ture: was supported Ly Sehoniand (lO)

Receutly, ITagenanosd, in a liscuzaisn 22 (7), ox=
rressed the opinion that 2 pglzw whieclh he has phote-
grarhed ia a gar r-r for 3 -bOUcm ma3t be acsumed vo va

a "pilot-lender", ITn viow nf cur 1ata tha . DOVI=Isne
troned glows represant atepns3d 1,u‘ur~ and "bunilzg of
thr20ds" from the tlp of the developing pozisive leader
{2). F'*;l’}, Lico an? ‘aloraon (13) cousiim that on -

braalzdovm of gan r-p (3 Texn) piaced in orl, Hacre is
o O [

sean an " ezuivalent pilot struumer" vileh dzvelons
devmward  Trom the snl oo the "ianitial atrowter” io-
wards tue srounded Llat® by a “et'o& Very S8iuliar €9
that pogtulated for ligh*ni¢3 Powsver, ghe quality of
the photoszraphs and ths veloc‘ty ol thelir Yime sean
4023 not nrovide the proper tages for such & comclusion,

Thora ‘3 'lso an aq3c3q¢ 1 didierence in the pro-
cess ol spari i2veloprment in sap -r+ryp (fiure 4) Lrom
nroposed prc:e,ass ox lightn;;; gtrikirg motallic poles
(1i-.sning rede)e  his case nasg impcrtanz 3i;airieance
in b2 caleunlaitions of ovarvoltages which orizinate
whken elzetric trangmissicn lings are struck by light-
ninge

Trom Gne dsta obtalaed i4 may bo asawied Shat
5he proceas of lishining development based on photo-
graphs made by Boys camsras rajuir:a further clarifisa-
tion,

Powar Iastitute
Inesni Go M. Xrzhizhenevskiy Rec2ived
} 2 Arril 1962
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